Effect of homocysteinylation on structure, chaperone activity and fibrillation propensity of lens alpha-crystallin.
Various chemical modifications can reduce chaperone activity of α-crystallin (α-Cry) and the loss of which has been implicated in the development of cataract diseases. The side chains of lysine residues are the target of both glycation and homocysteinylation, and lysine modification by the two reactions may similarly affect the structure and function of α- Cry. In this study, α-Cry was incubated with homocysteine thiolactone (HCTL), resulting in significant protein homocysteinylation, as determined with Ellman's assay. Homocysteinylation of α-Cry resulted in the reduction in surface hydrophobicity and alpha-helix to beta-sheet transition, as observed respectively with fluorescence and circular dichroism (CD) spectroscopy. The structural alteration of homocysteinylated α-Cry was accompanied by protein aggregation, including the formation of amyloid fibrils as detected by thioflavin T (ThT) fluorescence and Congo red (CR) absorption spectroscopy. The mobility shifts of homocysteinylated α-Cry on reducing and non-reducing SDS-PAGEs suggest that disulfide cross-linking in addition to lysine modification, also plays a role in aggregation of this protein. The chaperone activities of α-Cry, namely to prevent aggregation, to assist refolding and to restore activity of thermally stressed α-glucosidase (α-Gls) were reduced after homocysteinylation. Overall, this study suggests that similar to non-enzymatic glycation, homocysteinylation of α-Cry is a risk factor for the development of cataract disorders, for instance during hyperhomocysteinemia which is linked to the various ocular pathological disorders.